Background: Trauma-induced ulcers constitute one of the painful abnormalities affecting the oral cavity about which numerous individuals complain. The prevalence of traumatic ulcers (15-30% of cases) is relatively high compared to other oral lesions. Unfortunately, the use of anti-inflammatory drugs classified as steroids can lead to contraindications and serious side effects. Hence, the use of natural ingredients represents an alternative treatment. One such ingredient is red pomegranate containing bioactive elements acting as anti-inflammatory, antibacterial, antimicrobial, and antioxidant agents which accelerate the healing process in traumatic ulcers. Purpose: The aim of this study was to determine the effects of the topical application of red pomegranate (Punica granatum Linn) extract on the healing process in traumatic ulcers in Wistar rats. Methods: 24 male rats, aged 2-3 months, were divided into six groups, namely; two control groups (PC: triamcinolone acetonide and NC: sterile aquades) and four treatment groups (red pomegranate extract gel at respective concentrations of 12.5%, 25%, 50% and 75%). A traumatic ulcer was subsequently created using a flame-shaped burnisher tip 2mm in diameter and heated for ±15 seconds. The diameter traumatic ulcer of each research subject was measured and observed until it healed within the remedial parameters determined by means of a UNC-15 periodontal probe which had been placed on it. The data obtained was analyzed using Kruskal-Wallis and Mann-Whitney tests. Results: Topically applied red pomegranate extract gel can reduce the width of the ulcerated area, while also accelerating traumatic ulcer healing. There was a significant difference in the healing time between the group using red pomegranate extract gel at a concentration of 75% and the positive control group using 0.1% triamcinolone acetonide with p=0. 44 (p<0.05). Conclusion: Red pomegranate extract gel possesses the ability to accelerate the healing process in traumatic ulcers. The most effective concentration of red pomegranate extract gel at accelerating the healing process in traumatic ulcers is 75%.
INTRODUCTION
An ulcer constitutes a pathological condition characterized by loss of the epithelium layer due to surface excavation having penetrated deeper than the epithelial tissue. Traumatic ulcers are caused by thermal, mechanical, chemical and electrical trauma 1 and usually found on nonkeratinous surfaces such as buccal/labial mucosa, tongue, lips and hard or soft palate. 2 Traumatic ulcers in the oral cavity require between 7 and 14 days to heal. 3 In general, their treatment involves eliminating local causes through the topical administration of drugs such as corticosteroids to reduce inflammation and the use of antiseptic mouthwash containing 0.2% chlorhexidine gluconate or benzydamine hydrochloride. 1 The administration of topical corticosteroids in the form of ointments, gels, or elixirs has traditionally been considered the most effective treatment in the management of pain and to accelerate the recovery time of oral ulcers. 1 One topical corticosteroid for the treatment of oral mucosal inflammation is 0.1% triamcinolone acetonide which according to Skidmore-Roth, 4 demonstrates contraindications with regard to the treatment of fungal, viral or bacterial infections of the mouth and throat. In other words, the use of corticosteroids during active infections can suppress the body's immune system. 4 One side effect of topical corticosteroids on the oral mucosa is to promote the growth of Candida spp. in the oral cavity potentially resulting in candidiasis. Moreover, 0.1% triamcinolone acetonide produces other side effects such as a burning sensation, itching, irritation, dryness, peeling, perioral dermatitis, allergies and maceration, secondary infection and atrophy of the oral mucosa. 5 Due to these contraindications and the serious side effects of steroidal anti-inflammatory drugs, numerous treatments have recently begun to utilize natural ingredients including supplements and herbal medicines as pain and inflammation relievers. The use of natural ingredients as medicines rarely causes negative side effects compared to drugs manufactured from synthetic materials. 6 One such natural ingredient is red pomegranate (Punica granatum Linn) containing bioactive ingredients which act as antiinflammatory, antibacterial, antimicrobial and antioxidant agents. 7 Pomegranate also contains polyphenol compounds that function as antioxidants in preventing several diseases. The antioxidant and anti-inflammatory properties of pomegranate are assumed to be caused by its high polyphenol content, such as ellagic acid (EA) in free or bound forms, gallotannins and anthocyanins, and other flavonoids. Pomegranate extract is also assumed to be more effective than the administration of only one active ingredient since it constitutes a combination of several active substances that form a synergistic, mutually formulating formula. 7 Pomegranate has, in fact, been used as a medicinal plant since the time of ancient Egypt. 7 Various studies of red pomegranate extract at concentrations of 12.5%, 25%, 50% and 75% have been carried out in vitro, 8 although further studies need to be conducted in vivo. Consequently, this study aims to determine the potential for pomegranate extract to cure traumatic ulcers.
MATERIALS AND METHODS
The study constituted experimental laboratory research using pretest and posttest control group design and was conducted at the Experimental Animal Laboratory, Faculty Before the procedure for making traumatic ulcers was performed, ketamine hydrochloride was injected into the thigh muscles of the subjects. A 15-40 mg/kg dose of general anesthesia was administered prior to a traumatic ulcer being created using a 2 mm diameter flame-shaped burnisher tip that had been heated in a bunsen burner flame for ±15 seconds before being applied to the lower lip mucosa of the subjects for one second. The depth of the application was that of the tip diameter of the burnisher that had been indicted with a marker. Observation of the traumatic ulcers formed was subsequently conducted on days 1, 3, 5 and 7 until they had healed. 9, 10 The ulcers were then measured by placing a straight periodontal probe (UNC-15) in the vertical and horizontal sides as well as one of the diagonal sides. 10 The ulcer healing parameters consisted of the following: the absence of a yellowish/grayish ulcer, the similarity between the color of the ulcerated mucosa and that of normal mucous, being flush with the oral mucosal surface and complete healing of the lesion.
The 24 rats with traumatic ulcers were divided into six groups, namely; four treatment groups each of which had been administered with pomegranate extract at respective concentrations of 12.5%, 25%, 50% and 75%, a positive control (PC) and a negative control (NC). Each group contained four subjects which were isolated before the application by means of cotton buds of the designated material, namely; red pomegranate extract gel at varying concentrations for the treatment groups, the application of 0.1% triamcinolone acetonide for the positive control group and the administration of distilled water for the negative control group. Each ingredient was topically applied by means of a micro brush twice a day (at intervals of no more than 12 hours). 10 The data resulting from the observation focused on the recovery time within the traumatic ulcer healing process based on the percentage of the total number of traumatic ulcers healed and their surface areas. Traumatic area was calculated by measuring the diameter of the ulcer from the day of its formation to the day that it was healed using a periodontal probe UNC-15. For the purposes of this study, the ulcer healing parameters consisted of the following: absence of a yellowish/grayish ulcer, the similarity between the color of the ulcerated mucosa with that of normal mucous, being flush with the oral mucosal surface and complete healing of the lesion. 2 The data produced focused on the number of days required for the healing of traumatic ulcers in each group after analysis by means of a Saphiro Wilk normality test and a homogeneity test. This data was subsequently analyzed using a non-parametric Kruskal-Wallis test and a Mann-Whitney test.
RESULTS
The results indicated that the 10-day application of red pomegranate gel extract at concentrations of 12.5%, 25%, 50% and 75%, 0.1% triamcinolone acetonide, together with distilled water decreased the dimensions of the ulcers.
According to the calculation results, the mean width of the ulcer area in each group decreased (Table 1) , while the percentage of ulcer recovery increased across all groups. The highest percentage was recorded by the group which had been administered with red pomegranate extract gel at a concentration of 75% (Figure 1) . Moreover, the Kruskal-Wallis nonparametric test results indicated differences in recovery time between the 12.5% group, the 25% group, the 50% group, the 75% Group, the PC Group and the NC Group (p<0.05).
There was also a significant difference in recovery time between the group which had been administered with 75% pomegranate extract gel and the positive control group with 0.1% triamcinolone acetonide (p <0.05) ( Table 2 ).
DISCUSSION
The study results revealed that the topical application of red pomegranate gel extract affected the healing process in the traumatic ulcers of the Wistar rat subjects. Although the recovery time varied between groups, the healing process stages did not. These comprised the yellowish white surface and the emergence of a peripheral erythema zone, the gradual whitening of the lesion surface, a decrease in lesion size, the lightening of both lesion surface and mucus color and the disappearance of the lesion. 2 The contrasting recovery time between treatment groups using red pomegranate extract gel were due to differences in its concentration. Moreover, the results also showed that the treatment group treated with red pomegranate gel extract at a concentration of 75% demonstrated a shorter recovery time than the positive control group to which 0.1% triamcinolone acetonide had been administered. This contrast was due to red pomegranate possessing anti-inflammatory, antibacterial, antiviral, antifungal and antioxidant characteristics, 7 while 0.1% triamcinolone acetonide demonstrates anti-inflammatory, antipruritic and hypo-allergic qualities. 11 The treatment group to which 75% red pomegranate extract gel was administered ranked highest in terms of accelerating the healing process in traumatic ulcers present in the oral mucosa. The more rapid healing process of traumatic ulcers in the group with the red pomegranate extract gel was due to the bioactive components contained, one such component being ellagic acid which plays an antiinflammatory role. Pomegranate is known to be capable of inhibiting the activation of nuclear factor kappa beta (NF-kβ), cyclooxygenase (COX) and lipoxygenase (LOX), thereby limiting the number of inflammatory cells migrating to the injured tissue. As a result, the inflammatory reaction will be shorter and the proliferation ability of transforming growth factor beta (TGF-β) uninhibited. This process triggers the immediate activation of the proliferation phase. 7, 12 Ellagic acid is also known to be a polyphenol which demonstrates the ability not only to regulate the fibrosis process by reducing the excessive levels of collagen, the expression of transforming growth factor beta 1 (TGF-β1) and the amount of alpha-smooth muscle actin (α-SMA) in tissues with chronic lesions, but also to decrease the production of reactive oxygen species (ROS). 7 Another function of ellagic acid is to protect cell damage due to free radicals. This ability synergistically increases when ellagic acid is combined with another element within pomegranate, a natural dye called anthocyanidin, which also functions as a powerful antioxidant. 7 Anthocyanidin is an antioxidant that has been proven to improve blood vessel function, thereby accelerating the healing process. 7 Flavonoids can also stabilize reactive oxygen compounds which potentially reduce damage caused by free radicals. As an antioxidant, flavonoids promote anti-inflammatory activity. 13 The results of this study revealed that the treatment group administered with 50% pomegranate extract gel was ranked second to the 75% concentration group. However, there was no significant difference in average recovery time between the treatment group given 50% pomegranate extract gel and the group administered with 75% pomegranate extract gel. This is because the consistency of the gel material, semisolid and slightly viscous, is almost identical. Therefore, there is little difference between 50% pomegranate extract gel and 75% pomegranate extract gel in terms of the absorption of active substances present in the mucosa affected by traumatic ulcers. Of all the treatment groups to which red pomegranate extract gel was administered, the group with 12.5% red pomegranate extract gel had the lowest recovery time. This is because the consistency of pomegranate extract gel at concentrations of 75% and 50% is very thick compared to that at a concentration of 25%. The 25% concentration pomegranate extract gel is light brown in color indicating that the composition of the extract is extremely restricted compared to gel at the higher concentration.
The results of the study showed that the positive control group given 0.1% triamcinolone acetonide ranked third. The results also showed that the recovery time of the positive control group was more rapid than that of the negative control group with distilled water. Similarly, a previous study argued that the average recovery time of traumatic ulcers treated with 0.1% triamcinolone acetonide was shorter, at 5.3 days, than that treated only with distilled water (8.2 days). 14 The administration of distilled water in the study aimed to establish how traumatic ulcers are healed without the aid of active substances. The average recovery time of traumatic ulcers was 9.8 (9 days 22 hours 16 minutes) which is in accordance with the theory that traumatic ulcers can heal themselves within a period of 7-14 days. 3 Several factors affect the normal wound healing process which are divided into two groups, namely; local factors and systemic factors. One of the systemic factors that can influence healing is the provision of corticosteroid drugs, namely; 0.1% triamcinolone acetonide. Corticosteroid drugs inhibit mediators and cellular immune response during inflammation by stimulating the formation of proteins (lipocortin) that inhibit phospholipase A2. This prevents activation of the arachidonic acid cascade and prostaglandin secretion which, in turn, reduces the number of lymphocytes and monocytes in the periphery and inhibits the ability of plasminogen activators (PAs) to convert plasminogen into the plasmin which plays a role in breaking down kininogen to kinin and functions as a vasodilator. 10 CMC-Na can be used as a gelling agent in red pomegranate extract gel preparations due to its high degree of stability under both acidic and basic conditions (pH 2-10). In addition, CMC-Na has several advantages, including its ability to produce gels that are neutral, colorless, stable, tasteless, its strong resistance to microbial attack and its consistent viscosity. 15 The results indicated significant differences between each of the treatment groups, administered with red pomegranate extract gel at concentrations of 25%, 50% and 75%, and the negative control group. They also confirmed the ability of such gel to accelerate the healing process in traumatic ulcers. Moreover, there was a significant difference in recovery time between the group which received red pomegranate extract gel at the concentration of 75% and those groups administered with the gel at concentrations of 12.5% and 25%, as well as the positive and negative control groups. A significant difference in recovery time also existed between the group given red pomegranate extract gel at a concentration of 50% and those groups receiving such gel at concentrations of 12.5% and 25%, in addition to the positive and negative control groups. This means that the more concentrated the extract, the higher the quantity of drugs absorbed and the greater the acceleration of the healing process in traumatic ulcers. 15 The optimum concentration of red pomegranate extract gel for accelerating the healing process in traumatic ulcers is 75%.
